In order to investigate the ability of aqueous hull extract of Iranian rice cultivars in controlling barnyard grass germination and seedlings growth, a factorial experiment was carried out at both Laboratory and greenhouse based on RCB (Randomized Complete Blocks) with 3 replication. In this study which was performed in 2010 at Tarbiat Modares University, the effects of 20 rice cultivars hull extract were considered on germination and seedling growth of barnyard grass weed at four concentrations (0, 5, 10 and 15 percent). Lab studies showed that some of the rice cultivars have stimulating effects on barnyard grass growth, while some others have inhibiting effects. Khazar cultivar showed the highest inhibiting effect on germination percentage, germination rate, radicle length, plumule length, radicle and plumule dry weight. Breeded cultivars had higher inhibition effects than natives, while the native cultivars were more stimulating on barnyard grass seed germination. The greenhouse part of study showed that Khazar cultivar causes significant reduction in germination percentage, germination rate, radicle length, radicle and plumule dry weight and whole plant dry weight of barnyard grass. Neda cultivar showed the highest effect in controlling plumule length. The study showed that various rice cultivars have different effects on inhibiting or stimulating the growth factors of barnyard grass.
Evaluation of Allelopathic Effects of Iranian Rice Cultivars
(Oryza sativa L.) on Growth Factors of Barnyard Grass (Echinochloa cruss-galli L.)
Introduction
The use of allelopathy could be an important step in the way of declining herbicide utilization, declining production expenses, environment conservation, sustainability of natural ecosystems and establishment of sustainable agriculture. Any procedure which is responsible of producing secondary metabolites in plants, microorganisms, viruses and fungi and affects the growth and development of agricultural and biological systems negatively or positively, could be called allelopathy (Torres et al., 1996) . The chemicals which are responsible of allelopathy are called allelochemicals. The study of plant allelopathy was formalized in the 1980s, when Dilday discovered that a few rice cultivars had a special ability to inhibit the growth of paddy weeds, specifically red stem (Ammannia coccinea Rottb.) and duck salad (Heteranthera limosa (Sw.) Willd.) (Dilday et al., 1994) .Allelopathy, properly applied, can reduce the need for chemical herbicides in rice cultivation, reducing the risk of environmental contamination, human health problems, and the development of herbicide-resistant weeds (Olofsdotter, 1998) . The use of rice allelopathy in integrated weed management is one of the most interesting new avenues to sustainable agriculture (He et al., 2012) .
Rice, after wheat, is the second largest cereal crop and the most widely consumed staple food grain. Globally, rice occupies about 145 million ha, a surface which constitutes one-tenth of the arable land, while in the majority of Asian countries, it comprises one-third or more of the planted area (Ferrero & Tinarelli, 2008) . Barnyard grass (Echinochloa crusgalli (L.) Beauv.), a C4 grass species morphologically similar to rice during the vegetative stage, competes with rice for nutrients, water, and other resources, reducing rice yield from 30 to 100% (Tang et al., 2009) . There is no way other than biological control as the daily increasing utilization of herbicides has been led to increment in human diseases. Between 1993 to 1996 a thousand rice cultivars cultivated in Egypt with a RCB design and 3 replications in order to investigate the effect of them on barnyard grass. Forty days later, a significant decrement in the barnyard grass weight was observed. About 30 cultivars had 50 to 90 percent controlling effect on barnyard grass weed and more than 10 cultivars resulted in 50 to 70 percent weight loss in weed. In greenhouse experiments they observed 56 to 75 percent growth decrement in this weed. In this experiment weed growth and number of leaves showed a significant decrement. At the experiments which was carried out in Konkuk University of Korea and in three parts, lab, greenhouse and farm the effect of aqueous extract of rice shoot on the barnyard grass seed was investigated. Results showed that the extract of some cultivars had 61% growth inhibition on the weed and made 23% decrease in barnyard grass germination and 46% decrease in germination rate. At the greenhouse part there was the most inhibition with the rate of 73% decrement in dry weight, 74% decrement in shoot height and 57% decrement in germination percentage. At the farm part of experiments the most inhibition was observed in the number of tillers (80%), leaf area (49%), dry weight (63%) and shoot height (74%). This study recommended that the differences in rice inhibition on barnyard grass has a wide range (Chung et al., 2001 ). Based on the experiments which was carried out at Konkuk University of Korea in 2003 the allelopathical effects of rice on barnyard grass has been investigated and it was resulted that the extract of cultivars hull had about 76.9% inhibition effect on this weed. But the leaf and the epicarp extracts showed 74.1% and 31.7% inhibition respectively. The aggregate (extract of hull, leaf and epicarp) showed 38.6% inhibition. In overall it was observed that the extract of shoot show the best control in comparison to the various parts. In these experiments the relationship between the cultivars genetic and the allelopathical effects was compared. The native cultivars had 12.9% control and the introduced cultivars had 14.2% control on weeds. The inhibition rate in awn bearing cultivars was 16% and in awn less cultivars was 12% (Chung et al., 2003) .
In road to achieve a sustainable agricultural system, it is so important for natural adjuvant compounds to be focused at. Hence considering the allelopathic potential of rice residues especially in its hull, and also assuming the intra-specific differences in this case, this study designed and carried out.
Method
Fully mature and awn bearing barnyard grass seeds were accumulated from a farm in Ghaemshahr. This weed is one of the most abundant weeds in farms and gardens (especially in paddy fields) of Iran and the rest of the world. After accumulation, seeds were put in -20 °C in order the seed dormancy to be broken. After harvesting the rice yield and accumulation of paddy, a part of seeds were transferred to the paddy factory for detaching the hull. The hull was crunched with the mill. Then seed and hull were conserved in 5 °C until the experiment time.
The 20 rice cultivars which were provided from the Amol Rice Research Centre were as follows: Behnam Chaloos, Tarom Chini, Sang Tarom, Nedaye Ramazani, Tarom Hashemi, Tarom Mahalli, Gerdeh, Kalat Dargaz, Ali Kazemi, Khazar, Fajr, Shafagh, Shiroudi, Tabesh, Nemat, Sahel, Kadous, Pouya, Zarak and Neda. The first nine cultivars are native and others are breed. Selection of these cultivars for this study was because of their broad utilization in north of Iran for both farming and research activities. Extraction was carried out based on the method of Ahn and Chung (2000) . 30 gram of hull was put in 200 ml distilled water and was shaken for an hour. The related extract was transferred through a 4 layer loose texture linen in order to filter the fiber residues. The produced solute was put in a low rounding centrifuge (3000 rpm) for 4 hours. The produced matter was transferred from filter paper and then conserved in dark cap bearing bottles in fridge at 4 °C. This solute which is called stock solute was the 15% concentration for this experiment. Two other concentrations of 5 and 10 percent are also been made. The experiment was carried out at two parts at lab and greenhouse. 
Lab Part
Barnyard grass seeds became sterile with sodium hypochlorite solute at the volume relativity of 1:10 (v/v) and for 10 minutes then were washed with distilled water for several times and afterwards were put on filter paper in order to be desiccated. In every cap bearing petri dishes 25 sterile seeds were put and 10 cc of each solute concentration was added. Then the petri dishes were put in germinator at 30 °C and for 12 days. For holding humidity, the filter papers were removed after the 6th day, germinating seeds were washed with distilled water and after desiccation 10 cc of related extracts were added again to every petri dish. This experiment was carried out as a factorial based on completely randomized design with 3 replications and at 4 concentrations (Control, 5, 10 and 15 extract concentrations).
Greenhouse Part
In every 15×12 undrained pot 500 gram of Mazanderan province sterile soil was poured and was put in green house at 28 °C. 10 barnyard grass seeds were put in top layer of each pot and the pots were preserved at low water level until the germination time. When the height of sprout reached to 2 cm the water level was increased and maintained up to 5 mm of shoot height. The provided extracts were added to pot water at the planting time (10 cc). After 21 days the plants were pulled out and after washing were considered for related traits. No chemical fertilizers or herbicides were added to the pots. Analysis of variance and comparisons of means with Duncan multiple ranges were carried out with SAS software. Germination rate was calculated according to the formula proposed by Maguire (1962) :
Where, X n = Number of germinated seeds at n th count and Y n = Number of counts from planting to n th count. The rate of inhibition or stimulation of rice cultivars hull on the barnyard grass growth was calculated with the following formula:
Inhibition Rate = (Control plant -Treated plant)/Control plant × 100 (2)
Results and Discussion
The results of analysis of variances have been brought in Tables 2 and 3. The table of Note. n.s: Non-significant; ** and *: significant at 0.01 and 0.05 probability levels, respectively. Note. n.s: Non-significant; ** and *: significant at 0.01 and 0.05 probability levels, respectively.
Germination Percentage

Lab Part
The highest rate of inhibition was showed by the cultivars Khazar and Tabesh and the lowest was showed by the cultivars Sang Tarom and BehnamChalous. Khazar cultivar showed high control on barnyard grass germination at every 3 extract concentrations. The cultivars of Khazar and Tabesh were both from breeded, awn bearing cultivars. The highest barnyard grass germination percentage was showed in the cultivar Sang Tarom hull. With increment of extract concentration from 5 to 15%, the controlling rate of the cultivars Kalat Dargaz, Tarom Hashemi, Neda and Fajr were increased and that from of the cultivars of Pouya and Zarak were decreased (Table  4) . 
Greenhouse Part
The highest rate of inhibition was showed by the cultivars of Khazar and Tabesh. These were breeded cultivars. The cultivars of BehnamChalous, TaromChini and Sang Tarom showed the lowest inhibition on barnyard grass germination percentage. With increment of extract concentration from 5 to 15%, the controlling rate of the cultivars Fajr, Neda and BehnamChalous increased where this trait decreased in the cultivars Zarak and Pouya (Table 5 ). In overall, the native cultivars had the lowest inhibition on barnyard grass weed and acted as a stimulator of barnyard grass germination (Table 5) . Kim and Shin (1996) reported that rice hull inhibits barnyard grass germination with the rate of 70%. Hassan et al. (1995) reported 50 to 90% inhibition. Ahn and Chung (2000) showed 75 to 95% as inhibition ability of rice hull extract on barnyard grass weed germination. 
Germination Rate
Lab Part
The highest rate of inhibition was showed by the cultivar Khazar and at every 3 concentrations. The highest rate of stimulation was showed by the cultivars TaromChini, Sang Tarom and NedaRamezani. Three of them were from the native, awn bearing cultivars. With increment of extract concentration from 5 to 15%, the controlling rate of the cultivars Neda, Gerdeh and KalatDargaz increased and that from the cultivar of Ali Kazemi, BehnamChalous, NedaRamazani and Pouya decreased (Table 4) .
Greenhouse Part
The stimulation rate of the cultivars Sang Tarom, TaromChini and BehnamChalous was the highest. The highest rate of stimulation was showed by the cultivar BehnamChalous and at the 10% concentration. The cultivars Sang Tarom and TaromChini were native cultivars. With increment of extract concentration from 5 to 15%, the stimulation rate of the cultivars NedaRamezani, BehnamChalous and Pouya increased (Table 5 ).
In overall, inhibition on the germination rate of breeded cultivars was higher. Chung et al. (2001) resulted that the inhibition rate of rice extract on barnyard grass germination rate was 7 to 46 percent.
Radicle Length
Lab Part
Khazar cultivar showed the highest inhibition at every concentration and the cultivar of Sang Tarom showed the highest stimulation. With increment of extract concentration from 5 to 15%, the inhibition rate of the cultivars Neda, NedaRamazani, Gerdeh, KalatDargaz, BehnamChalous and Shiroudi increased and that of the cultivars of Nemat and TaromHashemi decreased (Table 4 ).
Greenhouse Part
The highest inhibition was showed by Khazar cultivar at 15% concentration. With increment of extract concentration from 5 to 15%, the inhibition rate of the cultivars Khazar, Tarom Chini, Behnam Chalous, Gerdeh, Kalat Dargaz, Shafagh, Neda Ramazani and Fajr increased and that of the cultivar TaromHashemi decreased. In overall, the breeded cultivars had the highest inhibition while the native cultivars had the lowest inhibition on radicle length of barnyard grass weed. Olofsdotter and Navarez (1996) resulted that rice has significant inhibition effect on the radicle length of barnyard grass weed. Hassn et al. (1994) reported that some rice cultivars reduce root progress of barnyard grass weed significantly.
Plumule Length
Lab Part
Khazar cultivar at its 3 concentrations and then the cultivars of Neda and Gerdeh showed a very successful control effect. Three of them are from breeded, awn bearing cultivars. With increment of extract concentration the inhibition rate of the cultivars Neda, Tarom Hashemi, Gerdeh, Kalat Dargaz, Shafagh, Fajr and NedaRamazani increased and the cultivars Pouya, Sang Tarom, Zarak, Sahel and Nemat showed a significant decrease (Table 4) .
Greenhouse Part
The highest inhibition rate was observed in the cultivars Khazar and Neda. With increment of extract concentration the inhibition rate of the cultivars Khazar, KalatDargaz, NedaRamazani, Shafagh, Fajr and TaromHashemi increased and that of the cultivars of Sang Tarom, Pouya, Zarak and Nemat decreased (Table 5) . Asghari and Mousavi (2001) concluded that rice allelopathy causes a 31 to 55 percent reduce in barnyard grass weed plumule length. Asghari et al. (2006) concluded that Ali Kazemi cultivar had stmulating effect on shoot lenght.
Radicle Dry Weight
Lab Part
The cultivar of Khazar showed the highest inhibition effect while the cultivars of NedaRamezani and TaromChini showed the highest stimulation. With increment of extract concentration, the stimulation rate of the cultivars Zarak and Nemat increased. It means that these cultivars stimultae the barnyard grass weed to produce bulkier root (Table 4) .
Greenhouse Part
The highest stimulation rate was observed in NedaRamezani cultivar at 5% concentration and the in the TaromChini cultivar. With increment of extract concentration from 5 to 15%, the stimulation rate of the cultivars Kadous, Nemat and Tabesh increased. In overall, the native cultivars stimulated the barnyard grass weed to produce bulkier roots (Table 5) . Chung et al. (2001) concluded that rice hull extract show significant inhibition on the barnyard grass weed radicle dry weight. Also the studies of Asghari et al. (2006) showed that Neda cultivar had more than 40% inhibitory effect on root dry weight.
Plumule Dry Weight
Lab Part
The highest inhibition rate was showed by Khazar cultivar at its three concentrations. The highest stimulation was showed by the cultivars Pouya and Sahel. With increment of extract concentration from 5 to 15%, the inhibition rate of the cultivar Neda Ramezani, Shafagh and Gardeh and the stimulating rate of the cultivars Tarom Hashemi, Tarom Chini, Pouya, Zarak and Kadous increased (Table 4 ).
Greenhouse Part
Pouya cultivar at 15% concentration and Sahel cultivar showed the highest stimulation percentage. These two cultivars were breeded and awn less. With increment of extract concentration from 5 to 15%, the stimulation rate of the cultivars Zarak, Pouya, Nemat and Tarom Hashemi increased (Table 5) . Chung et al. (2001) showed that the plumule dry weight of barnyard grass weed could be well controlled by the rice hull extract. In another research, Neda cultivar showed a high inhibitory effect on shoot dry weight (Asghari et al., 2006) .
Total Dry Weight
Lab Part
Zarak cultivar showed the highest stimulation. The highest stimulation rate was observed from 5% concentration of Zarak cultivar. With increment of extract concentration from 5 to 15%, the stimulation rate of the cultivars Pouya and TaromChini increased (Table 4) .
Greenhouse Part
High inhibition rate was observed in Khazar and Fajr cultivars. Both are from breeded, awn bearing and short season cultivars. With increment of extract concentration the inhibition rate of the cultivars Gerdeh, Kalat Dargaz, Nemat, Khazar, Tarom Mahalli, Ali Kazemi, Shafagh, Neda Ramazani, Zarak and Pouya increased. In overall, the breeded cultivars showed higher inhibition rate on this trait (Table 5) . Decrement of barnyard grass total dry weight has been reported by Hassan et al. (1995) . Chung et al. (2001) reported that rice hull extract showed 73% decline in barnyard grass weed total dry weight. Xun et al. (2006) resulted that rice allelopathical ability for declination of barnyard grass weed total dry weight is 70%.
Relativity of Radicle Length to Plumule Length
Lab Part
The highest rate of stimulation was observed in Ali Kazemi cultivar and the highest rate of inhibition was observed in Khazar cultivar. With increment of extract concentration from 5 to 15%, the stimulation rate of the cultivars TaromHashemi and Kalatdargaz increased (Table 4) .
Greenhouse Part
The highest stimulation was observed in the cultivars Neda and Kalat Dargaz. With increment of extract concentration from 5 to 15%, the stimulation rate of TaromHashemi and Tabesh cultivars increased (Table 5) . Olofsdotter and Navarez (1996) reported that the inhibition rate of rice hull extract on barnyard grass weed shoot is less that root.
Relativity of Radicle to Plumule Dry Weight
Lab Part
Khazar cultivar controlled radicle and plumule completely. Other cultivars caused stimulation i.e. caused increment in radicle length more than plumule length. Increment of extract concentration from 5 to 15%, caused stimulation of the cultivars Nemat, Neda Ramezani and Kalat Dargaz to produce bulkier roots (Table 4) .
Greenhouse Part
5% concentration of TaromChini cultivar showed the highest stimulation where the 15% concentration of Khazar cultivar showed the highest inhibition. Sahel cultivar showed the lowest stimulation on barnyard grass weed growth. Increment of extract concentration from 5 to 15%, caused stimulation of the cultivars Kalat Dargaz, Neda Ramezani and Kadous to produce bulkier roots. These cultivars were from native and awn bearing www.ccsenet.org/jas Journal of Agricultural Science Vol. 7, No. 10; 2015 cultivars. Native cultivars made a powerful stimulation on barnyard grass weed growth (Increment in length and volume) (Table 5) . Chung et al. (2001) resulted that barnyard grass root growth declination in relation to plumule is because of the usage of more rice hull which cause more contact of extract to plant roots. Similar report was presented by Kim et al. (2004) .
In overall the results of this study showed that the hull extract of different rice cultivars could have significant inhibiting or stimulating effects on barnyard grass weed growth characteristics especially at the early growth stages. The inhibitory specification of some rice cultivars could be a key factor in formulating some new bioherbicides. The cultivars Khazar, Zarak, Kadous and Sahel showed a great potential in this case. It also may be possible to use rice straw and hull as a covering mulch in order to control the barnyard grass weed in conservation agriculture, however, achieving such goals needs more research activities.
